Abbreviations
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CNS

:   central nervous system

DSB

:   double-strand break

GBM

:   glioblastoma multiforme

HR

:   homologous recombination

MGMT

:   O^6^-methylguanine-DNA methyltransferase

SAT1

:   spermidine/spermine N1-acetyltransferase

SSB

:   single-strand break

TMZ

:   temozolomide
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Glioblastoma multiforme (GBM) is the most common and most aggressive primary malignant tumor of the central nervous system (CNS). The incidence of GBM increases with age in a bimodal fashion, and peaks in the 6th to 7th decades. The current standard of care has been set by Stupp et al. (1) as maximal safe resection followed by concurrent temozolomide (TMZ) and radiation to a dose of 60 Gy. The favorable arm of the study yielded a median overall survival of 14.6 months, re-emphasizing the dismal prognosis of the disease. GBM is genetically heterogeneous; for example, patients who have tumors with silencing of O^6^-methylguanine-DNA methyltransferase (*MGMT*), a DNA repair enzyme, by methylation of its promoter have better survival and a greater response to TMZ (2). Resistance to chemoradiotherapy is the main hurdle in the treatment of GBM. Several mechanisms have been proposed to explain this resistance (3, 4); nevertheless, overcoming it has been elusive. Many therapeutic agents, including ionizing radiation, aim to kill cells through the induction of DNA damage. In order to gain insights into the mechanisms underlying radiation resistance in GBM, our laboratory recently identified the polyamine catabolic enzyme spermidine/spermine N1-acetyltransferase (SAT1) as a principal driver of homologous recombination (HR) repair, an essential pathway for the repair of DNA double-strand breaks (DSBs), through the epigenetic regulation of *BRCA1*. We found that SAT1 was overexpressed in GBM *versus* normal brain, and was capable of promoting HR by controlling BRCA1 expression and the formation of BRCA1 foci following damage to DNA. We further demonstrated a novel function of SAT1 as a mediator of histone H3 acetylation controlling *BRCA1* gene expression (5). BRCA1 has a critical role in HR, controlling HR foci development, gene expression, and chromatin remodeling (6). Additionally, it has been shown that BRCA1 expression is controlled by the equilibrium between transcriptional co-activators and co-repressors that form a complex and control histone acetylation and DNA accessibility at the *BRCA1* promoter (7). Our data demonstrate that the equilibrium between histone acetylation and deacetylation is tipped by SAT1 toward chromatin opening, allowing transcriptional activation of at least the *BRCA1* gene ([**Fig. 1**](#f0001){ref-type="fig"}). Aside from chromatin modification affecting gene expression, the relevance of chromatin structure in DNA repair is becoming increasingly clear. Chromatin unpacking and repacking has been recognized as crucial to the assembly of protein complexes at sites of damage, allowing access to DNA to complete repair as well as to signal the end of repair (8). As polyamines are known to pack chromatin (9), we can only speculate at this point that SAT1 plays a role in unpacking sites of damage as an additional facet of its role in DNA repair. Figure 1.Spermidine/spermine N1-acetyltransferase (SAT1) drives homologous recombination (HR) in glioblastoma multiforme (GBM) by epigenetic control of BRCA1 expression. The *BRCA1* locus is known to be regulated by the balance of activating and repressing alterations to histone acetylation. Increased expression of SAT1 in GBM leads to hyperacetylation and activation of BRCA1 expression, and subsequently improved HR and survival following genotoxic stresses such as ionizing radiation.

Our findings carry significance on multiple levels. We have shown that *SAT1* knockdown increases radiosensitivity *in vitro* and *in vivo* and the immediate clinical implications would be to enhance radiation response by altering SAT1 levels, perhaps via gene therapy or even pharmacologically. However, more specifically, SAT1 depletion led to a dramatic reduction in BRCA1 expression, thus impairing HR; this sparked our interest to capitalize on this effect further by creating more DSBs. One Gy of radiation produces approximately 500--1000 single-strand breaks (SSBs) and 40 DSBs. SSBs are readily repaired; however, with the addition of a poly (ADP-ribose) polymerase (PARP) inhibitor, these SSBs persist into S phase and lead to the creation of more DSBs. Sure enough, the combination of PARP inhibitors with radiation and/or chemotherapy has already been tested with favorable results (10). However, none of the studies evaluating the radio/chemo potentiating effects of PARP inhibitors were in the setting of depleted SAT1 levels (and consequently reduced BRCA1 expression), and thus testing this novel combination may hold great promise to further enhance the effects of radiotherapy. Even though we have demonstrated that SAT1 modulates BRCA1 through the indirect regulation of H3 and have proposed a new role for SAT1 in chromatin regulation suggesting that inhibition of SAT1 may sensitize brain tumors to radiation, there are still many questions to answer. For instance, the effect of SAT1 in regulating the balance of histone acetyl transferases versus histone deactylases in promoter occupancy on the *BRCA1* promoter is a natural next step. Additionally, regulating the localized polyamine content at sites of damage is another unexplored area where SAT1 could be a key player, since it has previously been shown that polyamines are involved in DNA and chromatin compaction (9). Overcoming the robust resistance of GBM to therapies is a tall feat, and the combination of multiple approaches is likely necessary in order to achieve respectable results against this resilient disease.
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